Expression of prothrombin, thrombin and its receptors in human scars.
The coagulation system is thought to play a pivotal role during the initial phase of wound healing, but mechanisms and cells involved are only partly understood. We have therefore examined human scars for the expression of thrombin, its precursor prothrombin and the thrombin receptors, thrombomodulin (TM) and protease-activated receptor-1 (PAR-1), compared with normal skin. Biopsies of scars were obtained from primary excision sites of melanoma patients (n = 20) and were compared with normal skin distant from the scar (n = 10), using immunohistochemistry. In addition, polymerase chain reaction analyses were performed on scar versus normal tissue and on cultured keratinocytes, fibroblasts and endothelial cells before and after stimulation with selected cytokines known to be active in wound healing. Normal epidermis was stained for prothrombin, thrombin, TM and PAR-1, and dermal tissue was stained only for TM and PAR-1. In scar tissue, thrombin and TM were upregulated in the epidermis and all four molecules in the dermis, independent of the age of the scars. In tissue extracts, mRNA expression of PAR-1 and prothrombin expression were, however, unchanged and TM even slightly decreased in scars, compared with normal skin. On analysis of cultured cells, keratinocytes expressed mRNA for PAR-1, TM and prothrombin, endothelial cells for PAR-1 and TM, and fibroblasts for PAR-1. An upregulation of PAR-1 mRNA was induced in fibroblasts on exposure to tumor necrosis factor-alpha (TNF-alpha), while it remained unchanged in endothelial cells in response to TNF-alpha. A downregulation of TM was induced in endothelial cells on exposure to TNF-alpha. These findings, showing a marked modulation of thrombin, PAR-1 and TM even in older human scar tissue, suggest that the coagulation system is not only involved during clotting, but also during the inflammatory and tissue remodelling phases of wound healing.